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AS-503A/AS-5ObA FEQUIREMENTS FOR THE RTCC: REENTRY PHASE 

By J p m e s  W. Tolin, Jr., Oliver H i l l ,  
Jon C.  Harpold and Joseph E, Rogers 

SUMMARY AND INTRODUCTION 

Presented i n  t h i s  i n t e r n a l  note a r e  the real-t ime program require-  
ments f o r  the reentry phases of the  AS-503 and AS-504A.missions. 
primary mode of reent ry  t r a j ec to ry  con t ro l  w i l l  L t i l i z e  the  guidance 
and navigation (G&N) system onboard the  spacecraf t .  However, should 
there  be a G&N f a i l u r e ,  there  a r e  seve ra l  backup reent ry  modes ava i l -  
able.  

The 

The backup modes may u t i l i z e  the  en t ry  monitoring system (EMS) f o r  
ranging o r  may be based on manual open-loop con t ro l  of the spacecraf t  
bank angle by the  f l i g h t  crew. 
computations required t o  support these reent ry  modes f o r  AS-503, AS-504AI 
end subsequent missions a re  presented i n  t h i s  document. 

The recommended displays and real-time 

PRIMARY GUIDANCE €EQUIREMENTS 

The basic  Apollo reent ry  guidance and navigation i s  presented i n  
reference 1. Some phases of the  reentry guidance flow log ic  of r e f -  
erence 1 are  s t i l l  i n  the  developmental s tages  and may be updated a t  
a l a t e r  date .  The current  Apollo reent ry  guidance flow logic  is  pre- 
sented i n  f igures  1 through 13 of this i n t e r n a l  note. The de f in i t i ons  
of the  reent ry  guidance var iables  a re  presented i n  t ab le  I. The gui- 
dance gains and constants a re  presented i n  t a b l e  11, and the  f i n a l  
phase reference t r a j e c t o r y  i s  presented i n  t a b l e  111. 

The navigation f o r  the  real-time program i s  t o  be obtained from the  
real-t ime processor in tegra t ion  package. The t o t a l  aerodynamic accelera-  
t i on ,  D, used i n  t h e  t a rge t ing  phpse ( f ig .  4) i s  a l s o  t o  be obtained 
from t h i s  in tegra t ion  package. The average-g navigation computation 
( f ig .  2 )  and the  D 
complete document 

computation a r e  included i n  order t o  present a more 

, 



2 

m e  i n i t i a l i z a t i o n  phase of the program is presented i n  f igure  3 .  
m e  parameters Q7 and L/D must be i n i t i a l i z e d  t o  accommodate a branch 
t o  KEPL from INITROLL ( f ig .  5 )  f o r  a slaw-speed reentry.  
t o  Q7F and L/D is  equated t o  LAD (cos BETA), where BETA is  the command 
module (CM) bank angle s t  reent ry  interface.  The parameter FACTOR 
must be i n i t i a l i z e d  a t  1.0 t o  insure the correct  computetion of L/D i n  
the UPCONTROL phpse i n  the event of shallow, high-speed r een t r i e s .  The 
uni t  t a r g e t  vector, mT0, i s  the  i n i t i a l  t a rge t  uni t  vector and must be 
computed from the longitude end geodetic l a t i t u d e  of the desired rJplesh 
point. 
f l i g h t  time i n  order t o  obtain a nomine1 time of f l i g h t  from l i f t - o f f  
through reentry.  

Q7 is  set  equal  

The time increment, TN, i s  a constant added t o  the  cur ren t  

The real-t ime computer program must have an override which permits 
a r b i t r a r y  se lec t ion  of the complete reentry guidance or  only the  f i n a l  
phase of the  reent ry  guidance. 
a t  t he  V-VFINALl logic  i n  the i n i t i a l  r o l l  phase, f igure  5. 

This can be obtained by placing 8 switch 

The Real-Time Computer Complex (FtTCC) must have the  capab i l i t y  of 
receiving an update of the t a rge t s ,  t r i m  aerodynamic cha rac t e r i s t i c s ,  
en t ry  s t a t e  vector, and l a t e r s l  b ias  during the missions. The f l i g h t  
con t ro l l e r s  must have the option of s e l ec t ing  the  i n i t i a l  reen t ry  bank 
angle of the CM. 

The function of the l a t e r a l  b ias  term is  t o  simulate t h e  aerodynamic 
ro t a t ion  of the  l i f t  vector which r e s u l t s  from a l a t e r a l  center-of- 
grav i ty  o f f se t .  
puted from t h e  equation 

"he magnitude of the  l a t e r a l  b i a s  (CCIBUS) term i s  com- 

-1 Ycg CGBIAS = t a n  - 
zc g 

where Ycg and Zcg a re  given i n  CM body coordinates. The posi t ive X-body 
ax is  is  elong the  center  l i n e  and through the  apex of t he  CM, t he  posi- 
t ive  Z-body ax is  i s  normal t o  X-body and i n  the general  d i r ec t ion  of t h e  
l i f t  vector, and the  posi t ive Y-body completes the  orthogonal set  of a 
right-hand system. 
in t eg ra to r  must r e f l e c t  t he  CGBIAS term; i.e., p = p + CGBIAS. 

The calculated bank angle ( p )  which goes t o  the  

I 
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DIGITAL AUTOPIIQT SIMULATION 

Figure 16 presents the detai led flow logic  f o r  the r o l l  channel of 
the CM reentry d i g i t a l  autopi lot  (DAP). 
i n  reference 4, from which the basic flow was taken. 

The DAP i s  explained more ' f u l l y  

The DAP simulation implements the r o l l  commands i ssued  by the reentry 
guidance logic  every 2 seconds. The only inputs necessary a r e  the roll 
command from the reentry guidance (delayed by one second), the t r i m  angle 
of a t tack ,  and the  i n i t i a l  spacecraft  bank angle. Since the roll command 
t o  the  DAP i s  delayed by  1 second, the logic implements the  command generated 
a t  time (T) durinC; the  time in t e rva l  (T + 1) t o  (T + 3 ) .  
bank angle i s  Lhc same as specified i n  the previous sect ion.  The flow, 
as  sham i n  f igure  16, w i l l  process the logic  a t  0.1-second in t e rva l s  and, 
as  such, w i l l  make 10 individual  c'dlculations of the  per t inent  var iables  
during the f irst  second o f ,  each 2-second i n t e r v a l  before ex i t i ng  the 

'. rout ine t o  re turn  immediately f o r  the second second of the  2-second time 
in te rva l .  
s t a b i l i t y  r o l l  r a t e ,  and CM-RCS f u e l  usage. 

The spacecraft  

Outputs from the  routine include bank angle, body r o l l  r a t e ,  

A l l  switches have i n i t i a l  values of zero except LAW, whose 
i n i t i a l  value is 1. As indicated i n  the flow, SWTCH2 must be set equal  
t o  zero each time a new roll command i s  generated by the reentry guid- 
ance i n  order t h a t  the  parameters be r e i n i t i a l i g e d .  

The DAP r o l l  logic  i s  designed t o  ca lcu la te  a de l t a  t i m e  i n t e r -  
v a l  (Tl) t o  f i r e  the  CM-RCS engines t o  dr ive the  spacecraft  t o  the 
commanded a t t i t u d e .  This value of T 1  t h a t  is calculated i s  based on a 
r o l l  r a t e  t h a t  is proportional t o  r o l l  a t t i t u d e  e r ror .  In  addition, 
t i m e  i n t e rva l s  TQFF and T2 are calculated which, respectively,  represent  
a coast  time and a time t o  f i re  the opposing j e t s  t o  reduce the r o l l  
r a t e  t o  approximately zero as t he  spacecraft  a t t i t u d e  approaches the 
r o l l  command. 

A l l  constants were taken from reference 4 with the exception of 
the  accelerat ion about the CM X-body ax is  which was taken from reference 5 .  
Table IV presents the  de f in i t i on  of var iables  used i n  the  DAP simulation, 
and t a b l e  V shows the DAP gains and constants.  

ENTRY MONITORING SYSTEM 

The ent ry  monitoring system (EMS) provides the crew with the cap- 
a b i l i t y  f o r  corr idor  ver i f ica t ion  and reent ry  monitoring and backup 
ranging. It provides a display of load f ac to r  (g) versus i n e r t i a l  
veloci ty  (V) on a s c r o l l  marked with o f f s e t  and onset curves which 
enables the crew t o  monitor the reentry t r a j ec to ry  and aid i n  perform- 
ing  a sa fe  manual entry.  In cese there  i s  a f a i l u r e  i n  the primary G&II 
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system e i t h e r  before or during reentry,  the EMS can be used a s  P 

reentry display f o r  t,he backup mode f o r  manual t reJec tory  cont ro l .  

The EM3 is  i n i t i e l i z c d  by the  f l i g h t  crew inse r t ing  the i n e r t i a l  
velocity and the incr1.isl  range-to-go values i n t o  the EMS pr ior  t o  
reentry.  "lie inser ted deLa corresponds t o  the  0.05-6 point i n  the 
reentry tre, jectory.  These quent i t ies  a re  made evei lable  t o  the crew 
by voice communications from the ground. "he primary method fo r  ini-  
t iR l i za t ion  8 t o  cotnpute l.he i n e r t i a l  veloci ty  and i n e r t i a l  range-to-go 
using the  RTCC reentry simulation program. 
when it senses a load f ac to r  of 0.05 g 3. 0.005 g or  when it i s  manuPUy 
actuated. 
t i a l  conditions : 

The EMS begins operating 

The following procedure is tz be used t o  determine the ini- 

1. Determine the  i n e r t i a l  posi t ion and veloci ty  a t  t he  0.015-g 
point i n  t h e  reentry t ra jec tory .  

2. Us ing the  s t a t e  vectors a t  0.05 g, continue the  veloci ty  
. in tegra t ion  f o r  a guided o r  backup en t ry  t r a j ec to ry  w i t h :  

where 

Vo = veloci ty  a t  0.05 g 

V = i n e r t i a l  ve loc i ty  

% = 0.935 ( a reso lu t ion  f a c t o r )  

+ = sensed aerodynamic accelerat ion along the  longi tudina l  body 
a x i s  

tf = t i m e  when the  a l t i t u d e  decreases t o  25 000 f t  

= time a t  0.05 g t0.05 g 
g = 32.174 f t / s ec  2 

3. Using the  veloci ty  from the above equation, ca l cu la t e  t h e  
i n e r t i a  1 range -t 0- go by 

Rf = 0.000162]t V d t  

0.05 g 
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. 

where 
= i n e r t i a l  range from 0.05 g t o  tf above an oblate ea r th  

0.000162 i s  the conversion fac tor  t o  obtain range-to-go i n  nau t i ca l  
miles . 

Rf 

The quant i t ies  V and Rf a re  transmitted by voice l i n k  t o  the  
0 

f l i g h t  crew f o r  EMS i n i t i a l i z a t i o n .  
of the EMS i n i t i a l i z a t i o n  s teps .  The i n e r t i a l  veloci ty  w i l l  be ca l -  
c u h t e d  i n  f e e t  per second, and the i n e r t i a l  range-to-go i n  nau t i ca l  
m i l e s .  These quant i t ies  and the  time of the  0.05-g point w i l l  be d i s -  
played i n  the Mission Control Center (MCC) t o  the f l i g h t  con t ro l l e r  for 
re lay  t o  the crew. 

Figure 14  presents a block diagram 

\ 

BACKUP ENTRY MODES 
/ 

The mission support f o r  the AS-503 and AS-504A reentry phases i s  
t o  be designed t o  encompass a l l  reentry speeds from ea r th  o r b i t a l  t o  
lunar re turn  and t ime-c r i t i ca l  abort reentry speeds. Therefore, it is  
necessary t o  devise a backup entry mode which w i l l  s a t i s f y  the safe  
en t ry  requirements f o r  t h i s  range of ve loc i t ies .  The RTCC must be pro- 
grammed t o  provide the f l i g h t  controJ&rs with the option of s e l ec t ing  
a backup reentry mode as opposed t o  a guided (closed-loop) reentry mode. 

'The fundamental bas i s  f o r  these backup modes i s  manual a t t i t u d e  con t ro l  
of t he  CM I l f t -vec to r  or ientat ion.  The se lec t ion  of the proper rout ine 
t o  be used is bas ica l ly  a function of three parameters: 

,, 

. 

1. amount of degradation i n  the 'spacecraft systems 

2. i n e r t i a l  ve loc i ty  a t  reentry 

3. i n e r t i a l  f l ight-path angle a t  reentry 

' Figure 13 presents a flow diagram containing three  possible backup 

The 
modes. 
by kl, a manual en t ry  device (MED) quantity (no rmaw 0 

bank angle i s  then held constant u n t i l  the  "g" l e v e l  is  seater than 
g,. The parameter g may be defined i n  one of three ways: (1) an 
MED quantity,  (2) the first maximum load f ac to r  encountered during re- 
entry,  o r  (3) a g level which produces a maximum load f a c t o r  equal  
t o  'X g where X i s  an MED parameter. When the g l e v e l  is  grea te r  than 
gc, any one of the  three  subroutines may be entered depending upon the  

value of KSWCH, which is a l s o  en MED parameter. 

A t  reentry in te r face  the spacecraft  i s  banked t 8  an a n g g  defined 
or  180 ). 

C 

, 
i 



The basic program described above i s  designed t o  shape the  high- 
speed reentry t r a j ec to ry  and prevent skipout. 
by cont ro l l ing  the  bank angle as  a function of the load fac tor .  This 
w i l l  enable the f l i g h t  crew t o  avoid a possible skipout during r een t r i e s  
from high-speed abort  conditions. 

It accomplishes t h i s  

The subroutines which may be selected by s e t t i n g  KSWCH t o  a value 
of 1, 2, o r  3 a r e  described as  follows: 

Subroutine 1 i s  a bank - reverse-bank routine.  Bank angle, k3, and 

time-to-reverse bank angle, t must be entered through the MED. A t  

some time, trB, i n  the  reentry t ra jec tory  a reverse bank angle maneuver 

i o  exccuted. Thcrc i s  no target; posit ion specif ied,  and each maneuver 
i o  done on&y oncc. Aoidc from the  bank angle r eve r sa l  there  i s  no 
c f fcc t ivc  croco-ranee cont ro l  i n  th io  subroutine. By s e t t i n g  the time- 
to-reverae bank angle t o  a large number, it i s  a l s o  possible t o  f ly  a 
constant b a a  angle t o  splashdown. 

rB’ 

Subroutine 2 shapes the t r a j ec to ry  by minimizing the  cross-range 
and down-range e r ro r s  t o  reach a specified ta rge t .  The routine i t e r a t e s  
on a bank angle and time-to-reverse bank angle required t o  reach a 
specif ied t a r g e t .  It should be noted t h a t  t h i s  subroutine cannot be 
used i f  gc is  determined by the  th i rd  method. 

deg/sec about the  X-body axip. 
specif ied t a rge t .  

Subroutine 3 generates a r o l l i n g  reentry with a r o l l  r a t e  of 20 
There i s  no t r a j ec to ry  cont ro l  and no 

The RTCC must have the capabi l i ty  of enter ing subroutines 1, 2, 
and 3 d i rec t ly .  This can be done by specifying g equal t o  zero. 
The backup reentry program may serve addi t iona l  purposes i f  desired.  
It is  capable of computing the ze ro - l i f t  and f u l l - l i f t  impact points ( IP) .  
Should one of these backup en t ry  modes be employed r a t h e r  than using 
the,EMS t o  fly the reentry,  the  EMS could be used t o  monitor the f l i g h t .  

C 

RTCC DISPLAYS 

The fouawing  is  a p a r t i a l  l i s t  of recommended d i g i t a l  displays 
f o r  missions AS-503 and AS-504A. 
figures 17 through 21. 

These displays a re  i l l u s t r a t e d  i n  
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1. Retro High-speed Ehtry D i g i t a h  ( f ig .  17) 

2. Retro Elapsed Time Display ( f ig .  18) 

3 .  Retrof i re  Dig i ta l s  ( f ig .  19) 

4. 

5. 

RFO Entry/Mode I11 Digitals  ( f ig .  20) 

Guidance Entry/Abort Dig i ta l s  ( f ig .  21) 

With the exception of f igures  17 and 18, the displays a re  the same a s  
those recommended f o r  mission AS-258. 

In  addi t ion t o  the d i s p l a y  parameters recommended f o r  AS-258, sev- 
e r a l  addi t iona l  display quant i t ies  w i U  be necessary f o r  the AS-503 and 
AS-50bA missions i n  order t o  support a high speed reentry.  
d i t i o n a l  quant i t ies  a re  defined i n  reference 3. 
represent the proposed display format f o r  the  addi t iona l  parameters. 
Figure 17’represents  a new display not used f o r  AS-258, and f igure  18 
represents  a reformated AS-258 display. 
used i n  the  displays can be found i n  t ab le  V I .  An addi t iona l  display 
of telemetry quan t i t i e s  is  being formulated a t  the  present time and 
w i l l  be documented a t  a l a t e r  date. 

These ad- 
Figures 17 and 18 

The de f in i t i on  of abbreviations 

In  addi t ion t o  the  above d i g i t a l  displays,  selieral  l imi t - l i ne  
d i g i t a l  TV displays w i l l  be required. 
completely defined a t  the  present time, but a requirement f o r  three 
displays has been defined. Tnese three  displays would cons is t  of one 
p lo t  each t o  support high-speed reentry using primary guidance, high- 
speea reentry using backup t r a j ec to ry  control ,  and low-speed reentry.  

These requirements a re  not  



TABLE I.- VARIABLES FOR REENTRY GUIDANCE 

Var i able 

m T O  

i jZ 

ii 

fi 

V I  

RTE 

UTR 

ORT 

DNI 

& 

EELV 

c 
AHOOK 

A 0  

ALP 

ASKEP 

ASP1 

ASPUP 

, ,  

ASP3 

ASPDWN 

ASP 

COSG 

9 

Definit ion 

i n i t i a l  un i t  t a r g e t  vector 

uni t  vector north 

velocity vector 

posi t ion vector 

i n e r t i a l  veloci ty  vector 

vector eas t  a t  i n i t i a l  t a r g e t  

vector normal t o  STE and UZ 

t a r g e t  vector 

un i t  vector normal t o  t r a j e c t o r y  plane 

integrated accelerat ion from PIPAS 

gravi ty  vector 

term i n  GAMMAL ca lcu la t ion  

i n i t i a l  drag f o r  upcontrol 

constant f o r  upcontrol 

Kepler range 

f i n a l  phase range 

up-range 

gamma correct ion 

range down t o  p u l l  up 

predicted range 

cosine of GAMMAL 
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TABLE I.- VARIABLES FOR REENTRY GUIDANCE - Continued 

Variables Defini t ion 

D t o t a l  aerodynamic acce lera t ion  

DO control led constant drag 

DHOOK term i n  GAMMAL computation 

D I  FF THETNM-ASP (range d i f fe rence)  

DIFFOLD previous value of DIFF 

DR 

DREFR reference drag 

DVL vs1- VL 

E eccent r ic i ty  

previous value of down cont ro l  

F1 

F2 

F3 t 

FACT1 

FACT2 

FACTOR 

GAMMAL 

GAMMALl 

KA 

IUROLL 

K2ROLL 

, 

a range/a drag ( f i n a l  phase) 

a range/a RDOT ( f i n a l  phase) 

a range/a L/D 

constant f o r  upcont r o l  

constant f o r  upcontrol 

used i n  upcontrol 

f l ight-path angle a t  VL 

simple form of GAMMAL 

drag level t o  i n i t i a t e  constant drag 
s t ee r ing  

parameter used i n  ca lcu la t ion  of r o l l  
command 

p a r m e t e r  used i n  ca lcu la t ion  of r o l l  
cammand 

i 

I 
I 

1 

. 
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TABLE I.- VARIABLES FOR REENTRY GUIDANCE - Continued 

Variables Defini t ion 

LATANG l a t e r a l  range 

UQ excess cent r i fuga l  force over gravi ty:  
= (VSQ - 1) GS 

LEWD upcontrol reference L/D 

L/D1 

PREDANGl 

PREDANG2 

PREDANG3 

PREDANGL 

Q7 
\ 

RDOT 

RDOTREF 

RDTR 

RDTRF 

ROLLC 

RTOGO . 

SL 

T 

desired l i f t - to-drag r a t i o  (osculat ing 
plane ) 

temporary s torage f o r  L/D i n  lateral 
log ic  

p a r t i a l  der iva t ive  of range with 
respect t o  L/D 

reference range from f i n a l  phase t a b l e  

f i n a l  phase range per turbat ion due 
t o  drag 

f i n a l  phase range per turbat ion due 
t o  RDOT 

predicted range ( f i n a l  phase) 

minimum drag f o r  upcontrol 

a l t i t u d e  rate 

reference RDOT f o r  upcontrol 

reference RDOT f o r  downcontrol 

reference RDOT from f i n a l  phase table 

r o l l  command 

range-to-go ( f i n a l  phase) 

s ine  of l a t i t u d e  

elapsed time from l i f t - o f f  
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TABLE I.- VARIABLES 

Variables 

TEMIB 

THETA 

THETNM 

v 

v1 
V l O L D  

VCORR 

VL 

VREF 

vs 1 

VBARS 

, VSQ 

WT 

X 

Y 

FOR REENTRY GUIDANCE - Concluded 

Definit ion 

incremental value of L/D f o r  upcontr 

desired grea t  c i r c l e  range (radians)  

desired grea t  c i r c l e  range (nautical  
miles) 

velocity magnitude 

i n i t i a l  veloci ty  f o r  upcontrol 

previous value of V 1  

velocity corrected f o r  upcontrol 

e x i t  veloci ty  f o r  upcontrol 

reference veloci ty  f o r  upcontrol 

VSAT or V1, whichever i s  smaller 

( VL/VSAT 

normalized veloci ty  squared: = (V/V 

ear th rate times time 

intermediate var iable  i n  G - l i m i t e r  

l a t e r a l  m i s s  l i m i t  



T 

Factor i n  ALP computation 

Constant gain on drag 

Constant gain on RDOT 

Bias veloci ty  fo r  f i n a l  
phase start 

Maximum drag fo r  down-lift 

Factor i n  AHOOK computation 

Factor i n  GAMMAL computation 

Drag fo r  changing values 
of LEWD 

Computation cy cle- t  i m e  
i n t  c rva l  

Maximum accelerat ion 

Factor i n  KA computation 

Factor i n  KA computation 

Factor i n  DO computation 

Factor i n  DO computation 

Optimized upcontrol gain 

Optimized upcontrol gain 

Increment on Q7 t o  
detect  end of Kepler phase 

Lateral  s q t c h  gain 
I 

c1 

c16 

C17 

c18 

c20 

CHOOK 

CH1 

D2 

DT 

GMAX 

KAl  

KA2 

KA3 

KA4 

KB1 

KB2 

KDMIN 

KLAT 

1.25 

0.01 

0,001 

500. 

175 

0.25 

0.75 

175 

2. 

322. 

1 . 3  

.2  

90 

40. 

3 . 4  

0.0034 

0.5 

0.0125 

BLE 11.- GUIDANCE GAINS AND CONSTANTS 

Symbol Value 

Entry constants and gains 

13 

1 
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TABLE .II.- GUIDANCE GAIIJS AND CONSTANTS - Continued 

Time of f l i g h t  constant 

Yominal t i m e  of f l i g h t  

Constant Ln FINAL PHASE 

M a x i m u m  L/D [minimum ac,tual 
vehicle (L/D]  

LAD cosine (15 degrees) 

Upcontrol L/D : 

Final phase L/D 

Factor t o  reduce upcontrol 
gain 

Final phase range - 23 500 Q3 
Final phase D range/DV 

Final phase D range/D GAMMA 

Final phase i n i t i a l  
f l i g h t  -path angle 

Constant i n  f a c t o r  

Minimum drag f o r  upcontrol 

Constant i n  GAMMALl 

If V less than VSLOW, LE!WD = 0.2 

Minimum VL 

Velocity t o  switch t o  relative 

RDOT t o  start  i n t o  HUNTEST 

veloci ty  

a b o l s  -- 
KTETA 

TN 

K13P 

LAD 

L/D CMINR 

LEWD1 
LEWD2 

LOD 

POINT1 

Q2 

Q3 

Q5 

Q6 

& W I N  

Q7F 

Q19 

VSLOW 

VIMIN 

VMIN 

Value 

l0OG . 
500. 

-- 

4. 

0.3 

0.2895 

0.1 
0.2 

0.18 

0.1 

-1002 

0.07 

7050 

0 0349 

50 

6 

0.2 

35 000 

18 ooo 

VSAT/2 

VRCONTRL 700 

I 

- Units -- 
see 

sec 

n.d. 

n.d. 

n.d. 

n.d. 
n.d. 

n ,d .  

n.d. 

n. m i .  

n. mi./fps 

n. mi./rad 

rad 

h 
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TABLE 11.- GUIDANCE GAINS AND CONSTANTS - Continued 

Value ----- Symbol 

Tolerance t o  s top  range 
i t e r a t i o n  25NM 25 

Latera l  switch b i a s  term LATBIA? ,00012 

Velocity t o  s top  s t ee r ing  VQUIT 1000 

I n i t i a l  a t t i t u d e  gain K 4 4  

n. m i .  

rad 

f P s  

Velocity t o  start f i n a l  
phase on INITENTRY V F I N A L l  27 000 

Factor i n  i n i t i a l  a t t i t u d e  VFINAL 26 600 

M a x i m u m  value of VCORR VCORLIM 1000 

Entry conversion fac tors  and sca l ing  constants 

Angle i n  RAD t o  NM ATK 3437.7468 

Nominal G value f o r  
sca l ing  GS 32.2 

Atmosphere s c a l e  height HS 28 500 

E a r t h  radius R E  21 202 900 

S a t e l l i t e  ve loc i ty  at RE VSAT 25 766.1973 

Ear th  r a t e  WIE 72.9211505 x loo6 

Equatorial  ea r th  rate KWE 1546.70168 

Gravity harmonic 

Earth g r a v i t a t i o n a l  constant MUE 3.986032233 x 1014 

coe f f i c i en t  J .00162345 

n. mi./rad 

n.d. 

m3/sec3 
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TABLE 11.- GUIDANCE GAINS AND CONSTANTS - Concluded 

HUNTIND 

INRLSW 

RELVELSW 

WDSW 

LATSW 

Switches I n i t i a l  Value 

ESW Fina l  phase switch 0 

GONEPAST Indicates  overshoot of t a rge t  0 

H I N D  , Indicates  i t e r a t i o n  i n  HUNTEST 0 

Indicates  pass t h r u  HUNTEST 0 

Indicates  i n i t i a l  roll a t t i t u d e  set 0 

0 Relat ive ve loc i ty  switch 

Use LEWD = .2 i f  s e t  = 1 0 

Inh ib i t  downlift switch in  DAP i f  set = 0 1 

. 

!. 
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. m  
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Ln 
V) 
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\D 

Ln 

0 co 
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Ln 
03 
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0 
Ln 
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0 
Ln 

Ln 
ch 
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0 
I 

L n  cn 
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0 
I 

ch cu 
\D 
M 
0 

0 
I 

rl 
Ln 
Ln 
Ln 
0 

0 
I 
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M 
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o\ 
0 

0 
I 

0 
rl 
3 
rl 

0 
I 

4) 
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rl 

0 
I 

cu 
P- 
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0 
I 

In 
0 
M 
M 
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I 
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\o 
M 

0 
I 

V) 
Ln 
o\ 
4. 

0 
I 

M co 
3 
V) 

0 
I 

rl 
(u 
0 

cu 
I 

# 
Ln 
M 
M 
I 

J 
Ln 
M 
M 
I 

r l c u m  m c o  M V )  c n r l  c h m c u  
L n L n 0 3 P - c h M c o c o L n L n V ) V )  
c u M P - 3 J M r l u o \ M b J a  
0 0 0 rl cu M u 3  P - C h  M rl 0 0 
0 0 0 0 0 0 0 0 0 r l ~ m M  

d d d d d d d d d d d d d d d  

. . . . . .  . . . . . . . . . . . . . . .  
3 2  N O  r l M 4 ) c u c o L n o  L n c o V ) \ D  m M f u ) 4 ) m o \ o r l c u c u  m c u  

, 
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c 

TABIE 1V.- DEFINITION OF VARIABLES FOR FIGURE 16 

Variable 

BACC 

BETA 

BRAm 

BRR 

FUEL 

JNDX, J X D X 1 -  

RAE 

SACC 

SMTE 

TOFF 

T 1  

T2 

T3 

T4 

VDRIF 

Defin i t ion  t 

body acce lera t ion  

spacecraft  bank angle 

body r o l l  r a t e  

pseudo body r o l l  r a t e  

f u e l  used by RCS 

d i rec t ion \  of r o l l  f l a g s  

r o l l  a t t i t u d e  error 

desired r,oU a t t i t u d e  e r r o r  

r o l l  command 

r o l l  command storage 

s t a b i l i t y  acce lera t ion  

s t a b i l i t y  r o l l  r a t e  

temporary s t o r e  ge 

coast  time 

time t o  f i r e  jets 

t i m e  t o  reverse f i r i n g  

temporary s torege 

temporary s torage 

d r i f t  r o l l  r a t e  
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TABU V.- DAP GAINS AND CONSTANTS FOR FIGURE 16. 

Symbol 

A N W  

A 1  

A 2  

KLAGl 

KLAG2 4 

U G 3  
- 

M 

RAEMIN 

SLOPE 

SWTCHl 

SWTCH2 

TIMINT 

vz 
xs 

Ve lue 

20.0 

8.0 

4.55 

0 

0 

0 

0 

4.0 

Units 

deg/sec 

deg/sec 

deg/sec 

2 

2 

-1 0.25 sec 

0.0 

0.0 

0.0 --- 
2.0 . sec 

0.1 sec 

2.0 deg/eec 

2.0 deg 

c 

, 



20 

TABLE VI. - DEFINITION OF VARIABIW FOR FIGURES 17 THROUGH 22. 

AGC 

AREA 

BANK 

BC 

BN/ENT Code 

BT 

CLA 

CM WT 

ENT Code 

EP 

GETBBO-GETBO I 

GETCO 

GETDD 

GE?I'EBO-GETBOE 
\. 

GETEI-GETmK 

GET1 

GETLC 

GETMD 

GETPI 

GETRB 

GET. 05g 

. 
command module computer (Apollo guidance computer) 

planned landing area 

backup bank angle 

burn code 

burn and en t ry  code 

t o t a l  SPS burn duration required f o r  deorbit 

contingency landing area 

Command module weight 

type of en t ry  p ro f i l e  being generated 

primary en t ry  p r o f i l e  

ground elapsed time a t  beginning of communications 
blackout 

ground elapsed time of SPS cutoff  

ground elapsed time of drogue deploy 

ground elapsed time a t  end of communications blackout 

ground elapsed time a t  reent ry  in t e r f ace  (400 000-ft 
a l t i t u d e  ) 

ground elapsed time of SFS ign i t ion  

ground elapsed time of touchdown 

ground elapsed t i m e  of main chute deploy 
I 

ground elapsed time of retrofire i g n i t i o n  

ground elapsed time t o  reverse  bank t 
ground elapsed time of .O5 g 
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GMTI . 

H 

MAN 

MATRIX 

M A X G  

MISS 

NO 

PLA 

PFE 

PROG 

PST 

P1-RE! 

PI xg 

PI-Sep 

PI 400k 

'H - 'LH 

PLHSEP 

Q7 + KDMIN 

RETBBOl 

HETBm2 
1 

Gre nwich mean time of r e t r o f i r e  

a l t i t ude  above geodetic ear th  a t  r e t r o f i r e  

manual 

REFSMAT used 

maximum load factor  

m i s s  distance of I P  from ta rge t  

telemetry value of noun i n  command module computer (CMC) 

planned landing area 

preburn 

telemetry velue of program being executed by CMC 

postburn 

IMU pitch gimbal engle a t  r e t r o f i r e  

IMU pitch gimbal angle a t  RETRB 

IMU pitch gimbel engle a t  CM-SM separation 

IMU pitch gimbal angle e t  Xg's 

IMU pitch gimbal angle a t  400 00043 a l t i t u d e .  

p i tch a n g h  i n  l o c a l  horizontal  system a t  r e t ro f i r e .  

l o c a l  horizontal  pi tch a t t i t ude  a t  CM-SM separation 

drag a t  s t a r t  of second reentry guidance 

CMC telemetry values of the 3 DSKY r eg i s t e r s  

RET of f i r s t  begin communications blackout 

RET of second begin blackout 

elapsed time from r e t r o f i r e  i n i t i a t e  t o  drogue deploy 

FET of f i rs t  end blackout 

I 

4 
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FETE302 RET of second end blackout 

RETE1 RET a t  reen t ry  interface (hook f e e t  a l t i t u d e )  

REm RET of X a l t i t u d e .  
i n i t  i a  l i z a  t ion 

Point where CMC computes the  EMS 

RET of reentry guidance i n i t i a t e  f o r  high speed r een t ry  mTGIHS 

RETE elapsed time from r e t r o f i r e  i n i t i a t e  t o  touchdown 

RETM - FETMD 

R E M G  

RETRB 

RETSEP 

RET400K 

RET e 0 5 G  

RET .2G 

mXG 

FLNGEMS 

R .05G 

rrr400K 

SI - RIH 
RO 

Ro RB 

ROSEP 

RO 'G 

elapsed time from r e t r o f i r e  i n i t i a t e  t o  main chute 
de ploy 

RET of maximum g 

elapsed t i m e  from r e t r o f i r e  i n i t i a t e  t o  reverse  bank 

elapsed t i m e  from r e t r o f i r e  i n i t i a t e  t o  CM-SM separat ion 

elapsed t i m e '  from r e t r o f i r e  i n i t i a t e  to,,400 000-ft 
a It i tude 

elapsed t i m e  from r e t r o f i r e  i n i t i a t e  t o  .05 g 

elapsed t i m e  from r e t r o f i r e  i n i t i a t e  t o  .2 g 

FET of manually input g l e v e l  

range a s  computed by the  onboard computer f o r  ENS 
i n i t i a l i z a t i o n  

predicted minus ac tua l  range t o  t a r g e t  a t  s t a r t  of 
second en t ry  guidance 

I 

r ange to  the  t a r g e t  a t  .05 g 

i n e r t i a l  range t o  the t a r g e t  a t  400 000-ft a l t i t u d e  

roll angle a t  r e t r o f i r e  referenced t o  the  l o c a l  
hor izonta l  reference frame 

IMU roll gimbal angle a t  retrofire i n i t i a t e  

IMU r o l l  gimbal angle a t  EETIu3 

IMU r o l l  gimbal angle a t  CM-SM separat ion 
a 

IMU r o l l  gimbal angle a t  X g 



Ro h00K 

(RP - m) .2g 

STA ID 

TAR 

TFF 

TRK 

VAT 

VB 

vc 

VEMS 

VL 

vT 

WT 

yM 

IMU r o l l  gimbal angle e t  )io0 000 f t  a l t i t u d e  

predicted range minus Pctual  r a g e  t o  the t a r g e t  as  
computed by the onboard computer a t  .2 g 

s t a t i o n  I D  

t rue  Pnomaly 

time of f r ee  f a l l  t o  400 000 f t  a l t i t u d e  

t racking 

SPS ullage burn time 

telemetry value of verb i n  CMC 

veloci ty  t o  be gained along X-body ax is  (inc*luding 
ullage b u t  not t a i l o f f )  

i n e r t i a l  velocity a t  reentry in t e r f ace  (400 000-ft 
a l t i t u d e  ) 

veloci ty  as computed by the  onboard computer f o r  EMS 
i n i t i a l i z a t i o n  

i n e r t i a l  velocity a t  .O5 g 

X component of veloci ty  t o  be gained a t  the centroid 
of the SPS deorbit  burn i n  the l o c a l  hor izonta l  
reference frame 

Y component of veloci ty  t o  be gained a t  the centroid 
of the  SPS deorbit  burn i n  the  l o c a l  hor izonta l  
reference frame 

Z component of ve loc i ty  t o  be gained a t  the centroid 
of the SPS deorbit  burn i n  the  l o c a l  hor izonta l  
reference f rame 

sk ip  velocity a8 computed by the  command module computer 

t o t a l  velocity a t  r e t r o f i r e  i n i t i a t e  

weight 

IMU yaw gimbal angle a t  r e t r o f i r e  i n i t i a t e  

I 

b 
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'M FB 
YM SEP 

'M 'G 
.. YM 400K 

'H - 'IH 
yEI - Y400K 
%P 

@ZL 

@ZL 

@T 

'400K 

IMU yaw gimbal angle a t  FETFU3 

IMU yaw gimbal angle a t  CM-SM separat ion 

IMU yaw gimbal angle a t  X g t 

IMU yaw gimbal angle a t  400 000-ft a l t i t u d e  

yew angle i n  l o c a l  horizontal  system a t  r e t r o f i r e  

i n e r t i a l  geocentric f l i gh tpa th  angle a t  reent ry  
in t e r f ace  (1400 000-ft a l t i t u d e )  

geodetic l a t i t u d e  of touchdown 

geodetic l a t i t u d e  of z e r o - l i f t  IP  f o r  f i r s t  reentry 
foo tp r in t  

geodetic l a t i t u d e  of z e r o - l i f t  IP  f o r  second reent ry  
foo tp r in t  

3 
geodetic l a t i t u d e  of maximum-lift IP  for f i rs t  - 
reent ry  foo tp r in t  

geodetic l a t i t u d e  of maximum-lift I P  f o r  second 
reent ry  footpr in t  

t 

geodetic l a t i t u d e  of t a r g e t  

geodetic l a t i t u d e  a t  400 000-ft a l t i t u d e  
- 
- 

longitude of touchdarn point 

longitude of ze ro - l i f t  impact point  f o r  f i rs t  
reent ry  footpr in t  

longitude of ze ro - l i f t  impact point f o r  second 
reent ry  footpr in t  

longitude of maximum-lift impact point for  first 
reent ry  footpr in t  

longitude of maximum-lift impact point for  second 
reent ry  foo tp r in t  

longitude of' touchdown point 



‘400K 

A@ 

AX 

VT 

BT 

longitude a t  400 000-ft a l t i t u d e  

miss dis tance  i n  term of d e l t a  l a t i t u d e  

miss distance i n  term of d e l t a  longitude 

t o t a l  AV 

burn t h e  
& 
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NAVIGATION 0 
INITIALIZE REENTRY I I  

1- 
TARGET I NG 7 
SELECTOR LrJ 
t 

PHASE 

I 

HUNTEST u UPCO NT RO L 

CONSTANT 

27 

, 

LATERAL LOGIC 1- 

I- OUT WITH I ROLL COMMAND 

Figure 1.- Reentry steering. 

PHASE 
(PREDICT 3) 

"G LIMITER" 7 



AVlCATlO 0 
READ AND CLEAR PIPAS 
SAVE V E L  INCREMENT 

TEM =VI + A T  -T+ 6 BELV 
I 

i 

M A S  - MSC - FOD 
MISSION FLI.p!NWC ' ' . , -. 
MISSIOIJ AML' I . ,  3 b ' VI=TEM+- '+AT 

c 

Figure 2.- "Average - g" navigation. 
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I NIT I ALI Z AT I ON i-r' - - 
RTE = UZ % URTO 

UTR = RTE w fi7 

WT=WIE (T N+T 1 

RTINT = URTO + UTR (COS(WT1 - 1) + KTE SIN (WT 
- 

THETA = c0s- l  (UNIT (R UNIT (KTINT)) 
K2ROLL= -UNIT ('-TINT) UNIT (VI * UNIT (R) 

K2ROLL=1 SGN (K2ROLL) 

FACTOR = 1.0 

1 

SELECTOR = INITROLL 

X INDICATES VECTOR CROSS PRODUCTS 

Figure 3. - Initialization. 
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n TARGETING 

I 

I t 
1 I 

V = A g V A L ( g 2  
VSQ = V / V S A T  

RDOT = 7 UNIT (R) 
UNI = UNIT [ V ' U N I T  m] 
D = A B V A L  (nELV)/DT 

LEQ = (VSQ-1) GS- 

L A T S W  = I 
I 

RELVELSW ZERO? W T  = W I E  T 
1 

(I: EGSW ZERP?) 

W T  = W I E  (KTETA THETA + T I  

NO 

RELVELSW = 1 YES 

I. V 
W T  = WIE 

& 

Nn9A , M'X - FQD 
kllt5lON PLANNINQ d kF1" YC19 DlVlOlON 
WIR.IION ANALVJIS UHtdrCI I 

GO TO MODE SELECTOR 

, 



IN ITR OLL 0 ci IS  INRLSW 0 ':' 

d IS D-.05g POS ? 

/ 3 l  KA=(KAl [s) +KA2) GS 

YES 

SE LECTOR=KEPL P 

NO 

IS D-KA POS 'c 

YES NO 

L / D  = - L E W D 0  + C 1 6  (D-DO) 
-C17 (RDOT + 2HS DO/V) 

I 

IS RDOT + VRCONTRL NEG '! 

NO 

SELECTOR = HUNTEST + 
GO T O  HUNTEST 

YES 1 F l  LEWDSW = 1 
1 

( I S  V-VFINAL + K44(RDOTN)3POS ? ) 
t 1 

t 

NO YES 

V D  = LAD L/D = -LAD 

Figure 5. - Initial roll 
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I 

IS D-D2 POS ':I 

YES 

IS LEWDSW=l 'i 

YES 

LEWD = LEWD1 LEWD = LEWD2 

t 
IS RDOT NEG ? 

V 1 =  V + RDOT/LEWD V 1 =  V + RDOT/LAD 

A 0  = ( V l f l )  (D + RDOT /(2 HS C 1  LEWD) 1 1 . A l = D 2  ~ I 
IS HUNTlND ZERO ? 

- 

NO 

f 

DIFFOLD = O  
V ~ O L D  = v i  + C18 

HUNTEST 1 i> 
Figure 6 .  - Huntest . 

I 

. 
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. 

ALP = 2 C 1  A0  HS/ (LEWD V12) 

F A C T l  1 V1/  (1-ALP) I 
FACT2 =ALP (ALP-l)/AO 

HUNTEST 1 

1 V L  = F A C T l  [ 1-SQRT (FACT2 Q7 + ALP) 
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I 

I S  V L  - VSAT POS 3 
NO -(y) SELECTOR = PREDICT3 

EGSW = 1 

GO TO CONSTD I 
IGO TO PREDICT 3 I - 

(IS V 1  - VSAT P O S 3  

. 

. 

I 

D V L =  V S 1  - V L  

DHOOK = f L (1- VSl /FACT1I2-  ALP 3 /FACT2 

AHOOK= CHOOK (DHOOK/Q7 - 1) /DVL 

GAMMALl  = LEWD ( V 1  gVL) /VL - 
GAMMAL = GAMMALl  - CH1 GS DVL2(1 +AHOOK DVL) 

DHOOK VL2  

t 
I 

I S  GAMMAL NEG ? 

YES 1 
1 

V L = V L +  GAMMAL V L  

1 LEWD - (3 AHOOK DVL2 + 2 DVL) CH1 GS/ (DHOOK VL) 

Q7 = [ (1 - VL/FACT1I2 -ALP /FACT2 1 
t t 

I 

GAMMAL = 0 

GAMMAL l  = GAMMALl  (1 - Q19) + Q19 GAMMAL 

GO TO RANGE PREDICTION I 
Figure 6 .  - Concluded. 

I 



RANGE 
PRE DlCT ION 

VBARS = V L ~ / V S A T ~  

COSG = 1 -GAMMAL2/ 2 
E = SQRT 11 + (VBARS - 2) COSG’ VBARSI 

c 
ASKEP = 2 ATK S I N - ~ W A R S  COSG GAMMAL/E),BALLISTIC RANGE 
ASP1 = Q 2  + Q3 V L  

ASPUP = g ( H S / G A M M A L l  )LOG, [ A 0  VL2/(Q7 V l 2 ) 1  UPPHASE RANGE 

ASP3 = QS (46-GAMMAL) 
ASPDWN = -ROOT V ATK/(AO LAD RE) 
A S P = A S K E P + A S P l + A S P U P + A S P 3 + A S P D W N , T O T A L R A N G E  

,F INAL PHASE RANGE 

,GAMMA CORRECTION 
,RANGETOPULLOUT 

D l F F  = THETNM -ASP 

t 
(IS ABS (DIFF) -25 NEG ? 1 I YES No 

GOTOUPCONTROL 

(VCORR 

S HIND = ZERO ? 

G ? E S  

V l O L D  = v1 

- VCORR D l F F  
(DIFFOLD - D I F F j  

VCORR=lOOO L-7-I 
I S  VSAT -VL -VCORR NEG ? (-2 

VCORR = VCORR/2 IF 
DIFFOLD = D l F F  

GO TO HUNTEST 1 

. 

. 

I 

I 
Figure 7.- Range prediction 
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NEGTEST 0 v NO 
IS D-C20 POS? 

YES 

LATSW= 0 
* 

NO * 

YES 

L/D= 0 

GO TO 310 < 
F 

Figure 8. - Constant drag, 
\ 



UPCON TROL 0 
t 

IS v-v1 POS ' IS 0-Q7 POS 7 

YES1 I E S  I N 0  1 2 ~ , 2 I 1 V p - C l j N Y G 7  1 , DR = ( V N 1 )  AO-RDTR /(2 HS C 1  LAD) 
L/D = LAD + C 1 6  (D-DR) 

-C17 (RDOT-RDTR) SELECTOR = KEP2 

ril GO TO NEGTEST 

[VREF = FACT l [  1-SQRT (FACT2 D +ALP)]] 

RDOTREF = LEWD (Vl -VREF) 9 
1 

RDOTREF = LEWD N l - V R E F )  

-CH1 GS (VSl-VREF)' 
1 + AHOOK (VS1-VREF) [ DHOOKVREF ] 

( IS D-Q7 MIN NEG .) 

FACTO R=(D - Q 7 M A l  -Q7). += i"' 
T E M l B =  -KB2 FACTOR [KB l  FACTOR (ROOT-RDOTREF) + V -VREF] I 

I 
t 

I 6 s  ITEM161 - POINT1 NEG ?) 

YES I No 1 
1 

ITEM16 =[POINT1 +POINT1 ( I T E M l B I  - POINT11 SIGN ( T E M l B )  I 
I 1 

t 
L/D = LEWD + T E M l B  

I GO TO NEGTEST I 

, Figure 9.- Upcontrol. 



. 

YES NO 

t 

EGSW = 1 
SELECTOR = PREDICT3 

MAINTAIN ATTITUDE CONTROL 

(ZERO SIDESLIP AND ANGLE OF 
ATTACK NEAR ITS TRIM VALUE) 

> 

GO TO 
MODE SELECTOR 

Figure 10.- Ballistic phase 

OUT TO AUTO PILOT 

I 
\ 
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(IS V -VQUIT POS;) 

P'IEDICT 3 0 
\ 

YES 

NO 

G O N E P A S T = l  

I V 
L/D = -LAD 
GO TO GLlMlTET 

DO N = 1,2,3, * . - . . * * .  M 

t 
IF VREF (N) -V POS 

GRAD = (V -VREF (M -1))/(VREF (MI  -V4EF(M -1)) 
F 1  = FA(M -1) + GPAD (FA(M) -FA(M -1)) 
F 2  = FRDT(M -l)+ G?AD(FRDT(M) -F'?DT(M -1)) 
PDTRF = ?DT?(M -1) + GRAD(PDTR(M1 -RDT'I(M -1)) 
DPEF'? = A?EF(M -1j-l- G3ADfAPEF1M) -AREF(M -1)) 
PREDANGl = RTOGO(M -1) + GRAD(RTOGO(M1 -RTOGO(M -1)) 
P = PP(M -1) + GRAD(PP(M1 -PP(M -1)) 
PTEDANG 2 = F l ( D  -D?EFP) 
PREDANG 3 = F2(RDOT -PDTRF) 
PSEDANGL= P R E D A N G l +  PREDANG2+ PREDANG3 
X = (THETA ATK -PREDANGL)/P L/D = LAD SGNNO 

1 -  N O 1  p&iq L/D = LOD + K13POo 

IF IL/dl -1.OPOS 
\ J 
NO .) 1 YES 

1 

L/D = LAD SGN (L/D) 

Figure 11, - Predlct 3 .  

I 



GLlMlTER 0 
(F) GMAX -D P O S ?  

+I i", I S  GMAX -D POS 

I YES 

1 
c r i  I X = SQRT 12HS (GMAX -D) (LEQ/GMAX + L A D ) +  QHS G M A X / V P I  1 

I 
I 

I S  RDOT + X POS '? 

L/D = L A D  

GO TO 310 

Figure 12, - G-Limiter. 



Q 
( I S  GONE PAST ZERO 

I 
YES NO 

1 I Y = KLAT VSQ + LATBIAS I 
f 

~~ ~~~ 

I S  ABS (L/D) - L/DCMINR NEG ?I 

I S  K2ROLL LATANG P O S ?  3 
L/D1= L/DCMINR SG N(L/D) 

I I 

I S  K 2 8 0 L L  LATANG - Y POS 

3ES NO 

K2ROLL = -K2ROLL 1 
t 

I LIGHT SWITCHL I GHT 

( IS ABS ( L/ D1/  LAD 1 - 1 POS ? 

I . 

. .  

, .  

7 7 1  ( L / D l /  LAD 1 = SGN ( L/D 1 

1 1 
d - 

8 ROLLC = K2ROLL COS-1 (L/Dl/LAD) SWTCH2 = 0.0 I 
I 

OUT TO AUTOPILOT WITH ROLL COMMAND I 
Figure 13, - Lateral control, 



RADAR TRACKING 
INERTIAL POSITION AND 

RTCC SIMULATION PROGRAM TO 
CALCULATE INERTIAL PO SITION, 
VELOCITY AND TIME AT POINT 
0.05s 

'='0.05g = '0 

T0.05g 

V = V 0 . 0 5 g - K D  I T F A X d T  T 

' 0.059 

TO .05g 

I 1 R~ = o a t  T~ 

ASTRONAUT DIALS IN DISPLAY TO FLIGHT CONTROLLER 
'0.05g AND Rf  
TO FURNISH TO ASTRONAUT BY VOICE 

AND Rf INTO "0.05s 
EMS FOR INITIAL 
CONDITIONS 

Figurel4.- Ground initialization flow for EMS initialization. 
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B =k3 $1 

IS (g-gc) POS? NO 

I 

I 
K S W C H  = 1,2,3 

V r 

ITERATE ON B AND $ 2  3 
11 

b 20 DEGlSEC t (TRAJECTORY SHAPl NG) 5 

Figure 15. - Backup entry. 



c 
I 

ENTER ONCE 
EACHSECONDOF 
ITERATION TIME 

t 
I 
.I 

YES 
IS SWTCHl ZERO 

CALPHA = COS (ALPHA) 
SALPHA = SIN (ALPHA) 
5WTCH3 =1.0 - 

4 1 

IS SWTCH3 ZERO 

SWTCH3 = 1.0 
BRR = BRATE 

i 

IN I T lAL IZ E CONS TAN TS ~ 

1. M = O  
2. TIMINT= 2.0 
3. RAEMlN = 4.0 
4. v z = 2 . 0  , 

5. A l = 8 . 0 0  
6. A 2 = 4 . 5 5  
7. xs=2.0 
8. SLOPE = 0.25 
9. ANGMAX = 20.0' 

10. T M A X = 0 . 1  
11. ROLCDl = BETA 
12. K L A G 1 = 1  
13. K L A G 2 = 1  
14. K L A G 3 = 1  

SWTCHl = 1.0 

Figure 16. -Atmospheric rol l  DAP flow logic. 

Pa e of pages m 
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DETERMINE IF POINT 
IS  WITHIN DEADBAND 

IS RAE - RAEMIN - BRR . TlMlNT NEG 
YES IS li.aRk I < VZ 

NO NO YES 

I 
CALCULATE ROLL ATTITUDE T 3  = TMAX 
ERROR DESIRED K L A G l =  1 

KLAG2 = 1 
KLAGS = 1 
T 4 = 0 . 0  

RAEDES = RAE +BRR 2/(2 * A l l  BACC = 0.0 
J N D X l = -  JNDX SACC = 0.0 

b 

1 

1 
- 

- t 

DETERMINE IF 
THRUST TO 
MAXIMUM VELOCITY 
IS REQUIRED 

Page of Pages Ms;al 
Figure 16.- Continued, 



IS RAEDES - ANCMAX / SLOPE POS (-7-2 

NO 

VDRIF=SLOPE. (RAEOES -XS 1 
T l= (VDRIF-  ERR ) /A1  

YES 

TZ= VDRIF /A2 

IS T 1  POS 

T1=-  T 1  
JNDX= JNDXl 

TOFF=(Z. RAE- T i  (BRR+ANCMAX )- T2,ANCMAX )/(Z.ANCMAX) 

KLAC1=1 

(BRR+VDRIF)- T2 VORIF) 

DETERMINE I F  T 1  AN0 
TZARE CREATERTHAN 
MINIMUM IMPULSE TIME 

IS T 1  - 0.03 NEG 

I S  T 2  - 0.03 NEG 

K L A G 3 = 1  

Figure 16.- Continued. 

1 
i 
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EX'RO HIGH-SPEED ENTRY DIGITAIS 

Area WT Matrix E .  E 2  

*ZLl 

DZL2 

xzL1 

%L2 

h2 

@IP 

PRF: 

b 

PST 

Figure 17.- Retro high-speed entry digitals  
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WTRO ELAPSED TIME DISPLAY 

GETR HET 

RAM 

RETRB 

RET E1 

E T  .05g 

RET .2g 

RET XG 

ETBBOl 

ETEBO1 

RETBB02 

HETEB02 

REm 

mTI4 

RETE 

F$ 400K 

PRE PST 

Figure 18.- Fktro e l a p s e d  time d i s p l a y .  

AGC 

i 

1 
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RETRO ELAPSED TIME DISPLAY - Concluded 

GETR 

I PHE 

HETEMS 

mMS 

RNGEMS 

M A X G  

HET MAX G 

Q7 + KDMIN 

PST AGC I , 

I 

I 
I I 

I 

1 

Figure 18.- Retro elapsed time display - concluded. 

b 



FZTROFIRE DIGITALS 

STA ID CM WT GET 

Area 
Matrix 
WT, TAR 

yIa 

Ro, PI, ym 

vc, BT 

‘T, unT 

H 

GNTI 
GET1 

mT 400K 

V400K’ Y400K 
BANK 
HETRB 

(#ML’ X M L  

’IP) xIP 

%L’ xzL 

’T’ % 

A@ Ax 

PLA Code CLA MAN Code 

Figure 19.- Retrof i re  d i g i t a l s .  



WT 

RFO ENTRY/MODE I11 DIGITALS 

53 

RO '1 'M 
VT BT 

'GX ( m v )  

VGY (XAV) 

'GZ (XAV) 

GMT I 
GET I 

4M.L 

'ML 

OT 

OZL 

'ZL 

4IP 

%P 

BANK 
GETRB 

'400K ' 

400K 

'400K 

MATRIX BN/ENT CODE 

PRE 

3 

PST - 

I 

TRK TM 

Figure 20.- RFO entry/mode I11 dig i ta l s .  

i . .  
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RFO ENTRY/MODE I11 DIGITALS - Concluded 

WT MATRIX BN/ENT CODE 

~~ 

GET .05g 
GETBBO 

GETEBO 
GETDD 

PRE PST TRK 
~ 

TM 

, 

Figure 20.- RFO entry/mode I11 d i g i t a l s  - concluded. 

. 

I 
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tt 

WT MATRIX 

PRE I 
PROG VB NO 

R1 R2 R3 

TFF 
41400K 

X 400K 
RETSEP 

SEP 'LH 
SEP RO 'I 'M 

R m R B  

RO '1 'M 400K 

RO '1 'M ' g  

FiB RO '1 'M 

S T A T I O N  I D  

PST 

ENT CODE 

T R K  TM 

L 

Figure 21.- Guidance entry/abort digi ta ls .  I 
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